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(57) This invention relates to apparatus for offer- 
ing wireless telecommunication service. A 
switch such as an automatic Private Branch 
Exchange (PBX) (30), equipped to communi- 
cate with Integrated Services Digital Network 
(ISDN) stations sends ISDN signaling messages 
to and receives ISDN signaling messages from a 
protocol converter (20). The protocol converter, 
which also communicates with a wireless cell 
site (10), converts messages between the ISDN 
protocol and a protocol for communicating (via 
LAPB) with the wireless cell site. The cell site 
sets up wireless connections to a mobile station 
(1), essentially in its prior art mode, and the PBX 
sets up connections to the cell site essentially in 
its prior art ISDN station control mode. The PBX 
is connected to, a class 5 (central office) tele- 
communications switching system (45) for 
establishing connections between the public 
switched telephone network (46) and the PBX, 
or between outlets of the PBX for a call between 
wireless stations. 
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T chnical Fi Id 

This invention relates to wireless telecommunica- 
tion systems and, more specifically, to architecture for 
small growable wireless telecommunication net- 
works. 

Problem 

Wireless telecommunication networks have 
grown very rapidly in the past decade as a result of 
substantialbreakthroughs in the cost of wireless tel- 
ecommunication terminals, otherwise known as mo- 
bile stations. Such mobile stations exist in many 
forms: from those which are mounted in automobiles, 
to portable stations, to hand held stations. The cellu- 
lar principle has permitted a large growth in the 
amount of wireless telecommunications which can be 
carried over the allocated radio spectrum thus allow- 
ing a large increase in the number of wireless tele- 
communication subscribers. 

While major cost breakthroughs have taken place 
in the customer equipment (the radio transceivers for 
communicating with the cellular systems), a similar 
cost breakthrough has not taken place in the central 
office equipment required to establish connections 
between customer stations, using well-established 
central office administration and billing procedures, in 
particular, while reduced cost large systems have 
been designed, small and inexpensive but growable 
wireless switching systems are not available in the 
prior art. 

S lution 

The above problem is solved and an advance is 
made over the prior art in accordance with this inven- 
tion wherein a moderate size switching system, such 
as a midsize private branch exchange (PBX) is used 
as a mobile telecommunication control switch; in a de- 
parture from the prior art, this system is adapted for 
use in the cellular application by virtue of an architec- 
ture which allows the PBX to communicate with the 
cell sites of the cellular system as if these cell sites 
were other PBXs. Communications between the PBX 
and the cell site are accomplished via a system using 
an out-of-band telephone station control (OTSC) pro- 
tocol, such as that used in integrated services digital 
network (ISDN) communication links, wherein the 
OTSC signal communicates with a protocol converter 
to convert between ISDN and cell site protocols. The 
PBX is then connected to a central office (class 5) 
switching system in such a way that the individual 
channels of the cell sites are transmitted as individual 
channels to the central office, and are switched in the 
central off ice to be connected to each other, to land 
based telephones served by the c ntral office, or to 
trunks from the central office to a public switched tel- 



ephone network. 

In one embodiment, the ceil skes, : -which are ex- 
isting prior art cell sites, receive data communications 
from a protocol converter inserted in the data link part 

5 of the ISDN connection; the protocol converter con- 
verts signals received from the PBX from ISDN pro- 
tocol to a protocol accepted by the cell site, and con- 
verts data messages (designed for use with a mobile 
switch) received from the cell site from the cell site 

10 protocol to an ISDN protocol. Any other OTSC proto- 
col for controlling telephones could be used instead of 
the ISDN protocol. Advantageously, such an arrange- 
ment permits the PBX to set up cellular connections 
in the same way that the PBX is already equipped to 

15 set up ISDN connections. 

In one specific embodiment of the invention, a 
primary rate interface carrying a plurality of B-chan- 
nels and one D-channel is used to connect the PBX 
with a cell site; the protocol converter in this case 

20 converts messages on the D-channel. A plurality of 
primary rate interfaces may share a single D-channel 
on one of these interfaces in an arrangement known 
as non-facilities associated signaling (NFAS). Advan- 
tageously, the protocol converter need only commu- 

25 nicate with a small number of data channels. Advan- 
tageously, the development effort necessary to im- 
plement this invention is straightforward because ex- 
isting PBXs, cell sites, and ISDN and cell site proto- 
cols are used. 

30 The PBX is connected to a class 5 switching of- 

fice (central office), such as AT&T's 5 ESS® switch, 
in order to perform interconnection and billing as well 
as complex call functions such as voice mail, and to 
access the public switched telephone network for ac- 

35 cessing mobile or land-based telephone stations not 
served by the central office. The class 5 switching of- 
fice is connectable to a plurality of PBXs in order to 
interconnect mobile stations connected to these 
PBXs, to each other, and to the public switched tele- 

40 phone network. Alternatively, the PBX may be con- 
nected to a very simple class 5 switching system, 
such as a step-by-step system, which still performs 
interconnection and billing functions. 

Growth for such a system is straightforward. 

45 First, the capacity of the cell site is increased to its 
maximum. Then, additional cell sites are added under 
the control of one PBX. Then, another PBX may be 
added, along with its cell sites. Finally, an Autoplex® 
1000 system such as that described in U.S. Patent 

so 4,827,499 can be formed by adding a control process- 
ing complex to control the PBXs and the cell sites, or 
the PBXs may be replaced by a mobile communica- 
tions telecommunication switch which can communi- 
cate directly with the cell sites without using a proto- 

55 col converter. 
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Brief Descripti n f the Drawing 

FIG. 1 is a block diagram illustrating the operation 
of the invention; 

FIGS. 2 and 3 are flow and message diagrams il- 
lustrating the steps of establishing an incoming 
and an outgoing call. 

Detailed Description 

FIG. 1 is a block diagram illustrating the operation 
of applicants invention. A radio cell site 1 0 communi- 
cates via radio channel 2 with a mobile station 1 . A cell 
site such as the Autoplex® Series I Mod II Cell Site 
can be used in this application. A different cell site can 
be used if the European Global Systems for Mobile 
Communications (GSM) standard protocol is re- 
quired, or a more advanced, e.g., Series II cell site, 
can be used. The cell site is connected by a multiplex- 
er 35 to one or more primary rate interface integrated 
services digital network (PRI-ISDN) communication 
channels 31, 32, 33 to a private branch exchange 
(PBX) 30. The ISDN protocol is the selected out-of- 
band telephone station control (OTSC) protocol for 
the preferred embodiment. PBX 30 is connected to 
protocol converter 20, which functionally converts be- 
tween ISDN protocol signals for the D-channel of a 
PRI used by PBX 30, and signals in the protocol of the 
cell site, transported by LAPB, for communicating 
with the cell site 1 0. The multiplexer 35 strips the cell 
control channel from the PRI signals and sends these 
cell site control channel signals via data link 38 to cell 
site 10. As one example, a multiplexer such as the 
Crossnet 442 multiplexer manufactured by Tellabs 
can be used. A NCR 3330 486 based computer man- 
ufactured by NCR Inc. can be used as the protocol 
converter (PC); the NCR computer must be equipped 
with an interface board such as an AT&T UNIPRISM 
PRI Board to terminate a PRI connection to the PC. 
Cell site 10 receives its control signals over the data 
link 38 and transmits its responses and its own initiat- 
ed data messages over that link. The protocol conver- 
ter converts between ISDN control messages speci- 
fied in the CCITT Q.931 call control message set and 
the message set required to interface with a cell site. 
This message set may be proprietary or it may con- 
form with a standard such as that specified in the Eu- 
ropean GSM standard for wireless communications. 

PBX 30 expects to receive only either D-channel 
or B-channel signals on its PRI. In order to receive a 
control channel in the cell site protocol, it receives 
such signals on an incoming B-channel, and transmits 
that B-channel to the protocol converter 20. The pro- 
tocol converter converts the messages received on 
that B-channel into ISDN protocol D-channel signals 
and transmits these signals to the PBX for controlling 
the PBX. The MUX 35 multiplexes the B-channel car- 
rying cell site control signals from the data link 38 into 



the PRI 33 data stream. The equivalent operation is 
also performed when the PBX sends D-channel sig- 
nals to the protocol converter for conversion to cell 
site control signals for transmission to the cell site. 

5 PBX 30 is also connected by one or more PRI fa- 

cil ities, such as 47, to one or more other cell sites; and 
by facilities such as lines or trunks 43 to a class 5 cen- 
tral office 45. The central office 45 is for connection 
to a public switched telephone network 46 for access- 
to ing of telephones and mobile stations outside the re- 
gion served by central office 45. Central office 45 is 
also connected by lines and trunks 51 to PBX 52 for 
serving additional cell sites (not shown), and to a plur- 
ality of land based telephones such as station 48 con- 

15 nected via line 42. The connection 43 to the class 5 
central office can be over line facilities, one or more 
PRI facilities, or even digital carrier trunk facilities; a 
line interface is the most natural for communicating 
between a PBX and a central office, especially an 

20 older central office, and simplifies the process of bill- 
ing at the central office. In some embodiments, cen- 
tral off ice 45 is a program controlled switching system 
such as the 1 AESS™ system manufactured by AT&T, 
and in the preferred embodiment, a program control- 

25 led digital switching system such as the 5ESS® 
switch. In one specific preferred embodiment, the 
PBX has a line interface for each wireless station, and 
connects each such station to the corresponding line 
interface when a connection is established. This au- 

30 tomatically identifies the wireless station to the cen- 
tral office 45 at the other end of the line interface. 

In the preferred embodiment, the PBX is a Sys- 
tem 75 Def inity® PBX, manufactured by AT&T. A re- 
quirement for this embodiment is that the PBX be 

35 able to communicate with ISDN stations using PRI 
signals. 

The PBX keeps track of the busy-idle state of all 
mobile stations currently associated with a cell site. 
When a mobile disconnect is detected, the cell site 

40 transmits a release message via data link 38. The PC 
converts this release message to an ISDN disconnect 
message which makes the B-channel, and its asso- 
ciated radio channel, available, and changes the 
busy-idle state of the mobile station to idle. 

45 FIG. 2 illustrates the messages and the actions 

performed by the protocol converter 20 in setting up 
a wireless originated call. The cell site 10 receives an 
indication from the mobile station 1 that the mobile 
station wishes to originate a call and receives the 

so number of the called customer dialed by the originat- 
ing mobile station. Cell site 10 sends message 201 to 
PC 20, the message containing an identification of 
the calling main station, the called number, and an in- 
dication of which directional antenna is optimum for 

55 use on this call. The mobile station picks the set-up 
channel that corresponds to the presently assigned 
directional antenna. The PC then transmits a set-up 
message 205, including the called directory number 
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and an identity of the caller, to PBX 30. The PBX as- 
sociates the originating mobile station number with 
the group of PRIs serving the assigned antenna face. 
As shown in action box 206 PBX 30 then selects a B- 
channel appropriate for use with the identified direc- 
tional antenna and transmits over D-channel of PRI 
33 a call proceed message 207 identifying the select- 
ed B-channel. In action block 209, PC 20 translates 
the B-channel identity into a radio number and trans- 
mits a mobile set-up message 211 to the cell site to 
establish communication between the selected B- 
channel and the mobile station 1 . The cell site 10 hav- 
ing confirmed the establishment of such a radio com- 
munication then returns to the protocol converter 20 
a voice channel confirmation message 213. 

In the meantime, PBX 30 has requested an out- 
going connection (signal 218) including the called tel- 
ephone number. The central office 45 establishes the 
outgoing call (action block 219), which action may ac- 
tually be the initiation of an incoming call as described 
in FIG. 3 if the call is between two mobile stations 
served from the central office. The PBX transmits a 
series of call progress messages 21 5 to PC 20 which 
maintains track of the status of the connection. When 
the connection has been established, an alert mes- 
sage 217 is sent from PBX 30 to PC 20 indicating that 
the called customer is being alerted. The calling cus- 
tomer hears audible tone. When the far end answers 
the call and this answer is detected in the central of- 
fice (action block 220), the central office signals an 
answer (signal 221) to the PBX. The PBX 30 then 
transmits a connect message 222 to the PC 20. In re- 
sponse, the PC 20 records that the connection is now 
in the talk state (action block 223). 

FIG. 3 illustrates a wireless terminated call. Ac- 
tion block 301 indicates that the central office has re- 
ceived an incoming or an originating call. The central 
office signals to the PBX that the incoming call has 
been received and transmits the directory number for 
the terminating station (signal 302). The PBX trans- 
lates the directory number into the appropriate D- 
channel for use in communicating with the protocol 
converter (action block 303). The PBX then selects a 
B-channel to be used for this conversation (action 
block 305). In this embodiment, each PRI can serve 
the radio transceivers of only one cell site sector, but 
several PRIs may serve one sector. The PBX then 
sends a set-up message including the identity of the 
called main station and the identity of the B-channel 
to be used for the connection (message 307). The PC 
20 translates this B-channel number into a radio num- 
ber (action block 309) and transmits, in response, a 
call process proceeding message 311 back to the 
PBX. The PC 20 then transmits a request to page the 
mobile station via m ssage 313 transmitted over data 
link 38 to cell site 10. Cell site 10 pages the mobile and 
if the mobile responds properly, transmits a page re- 
sponse message 315 back to PC 20. The PC then 



sends a mobile set-up message 319 to the cell site re- 
questing that the connection between the selected B- 
channel and the mobile station be established and 
that that connection be monitored to determine 

5 whether the called mobile station answers the call. 
The PC also sends an alert message back to the PBX 
to indicate that the calling party should receive audi- 
ble ringing tone. When the wireless terminal answers 
the call (action block 322) an answer message 323 is 

10 sent from the cell site to the PC. The PC passes on 
a connect message 325 to request that the PBX com- 
plete the connection to the called customer and re- 
move the audible ringing tone connection. After com- 
pleting this task, the PBX returns a connect acknowl- 

15 edge message 327 to the PC and the PC records the 
talking state for that connection (action block 329). 

The central office can be connected to the PBX 
using any of the standard central office PBX trans- 
mission and signaling facilities. The use of a common 

20 channel signaling arrangement between the PBX 
and the central office enhances the flexibility of the 
system. 

Growth for such a system is straightforward. As 
the capacity of the cell site is increased to its maxi- 

25 mum, additional cell sites are added under the control 
of one PBX. Then, another PBX may be added, along 
with its cell sites. Finally, an Autoplex 1000 system 
such as that described in U.S. Patent 4,827,499 can 
be formed by adding a control processing complex to 

30 control the PBXs and the cell sites, or the PBXs may 
be replaced by a mobile communications telecommu- 
nication switch which can communicate directly with 
the cell sites without using a protocol converter. 
This particular embodiment has illustrated ISDN 

35 protocol and an ISDN PRI interface to the PBX. The 
advantage is that the PBX can then interface with the 
cell site via the PC as if the cell site were connected 
by ISDN connections to the PBX. Any other arrange- 
ment which allows out of band signaling for controlling 

40 telephone stations terminated on a PBX would also 
meet this requirement. 

It is to be understood that the above description 
is only of one preferred embodiment of the invention. 
Numerous other arrangements may be devised by 

45 one skilled in the art without departing from the scope 
of the invention. The invention is thus limited only as 
defined in the accompanying claims. 



so Claims 

1. A wireless telecommunication system, compris- 
ing: 

a central office telecommunication switch 
55 (central office) for connection to a public switched 

telephone network; 

a telecommunication switching system 
(switch); 
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a wireless cell site; and 

protocol conversion means for converting 
between a cell site control protocol, said cell site 
control protocol for signaling to and receiving sig- 
nals from a wireless cell site, and an out-of-band 5 
telephone station control (OTSC) protocol; 

said switch connected to said cell site by a 
plurality of first communication links; 

said switch connected to said cell site by a 
data link means via said protocol conversion 10 
means; 

said central office connected to said 
switch by a plurality of second communication 
links; 

said central office for establishing connec- 15 
tions among ones of said second communication 
links and for establishing connections between 
ones of said second communication links and 
said public switched telephone network; 

wherein said switch sends OTSC protocol 20 
signaling messages to said protocol conversion 
means, and said protocol conversion means con- 
verts said OTSC protocol signaling messages to 
cell site control protocol messages for transmis- 
sion to said cell site, for controlling said cell site; 25 

wherein said cell site sends cell site control 
protocol signaling messages to said protocol con- 
version means, and said protocol conversion 
means converts said cell site control protocol sig- 
naling messages to OTSC protocol signaling 30 
messages for transmission to said switch. 



telephone lines. 

10. The system of claim 1 wherein said central office 
performs billing recording. 



2. The system of claim 1 wherein ones of said plur- 
ality of second links are terminated on ones of a 
plurality of line interfaces at said central office. 35 

3. The method of the system of claim 1 wherein said 
switch is a private branch exchange (PBX). 

4. The system of claim 3 wherein said plurality of 40 
second communication, links comprises a plurali- 
ty of PBX trunks. 

5. The system of claim 1 wherein said OTSC proto- 
col is an integrated services digital network 45 
(ISDN) protocol. 

6. The system of claim 1 wherein said central office 
is a program controlled switching system. 

50 

7. The system of claim 6 wherein said central office 
is a digital switching system. 

8. The system of claim 1 wherein said central office 

is a step-by-step switching system. 55 

9. The system of claim 1 wherein said central office 
is further connected to a plurality of land-based 

5 
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